Background
==========

Cognitive skills play a crucial role in the daily functioning of older people. Unfortunately, some of these cognitive skills (eg, memory, problem-solving activities, or speed processing) decline in the process of aging.[@b1-cia-12-903]--[@b4-cia-12-903] There are several risk factors which appear to have an impact on cognitive decline.[@b5-cia-12-903] These risk factors can be divided into modifiable and non-modifiable risk factors. The non-modifiable risk factors include age, race and ethnicity, gender, and genetics.[@b6-cia-12-903] In fact, it has been proved that 60% of general cognitive ability is of genetic origin.[@b7-cia-12-903] The modifiable risk factors mainly involve diabetes, head injuries, lifestyle, and education.[@b8-cia-12-903]

Furthermore, Klimova and Kuca[@b9-cia-12-903] divide the non-pharmacological lifestyle intervention activities into three most influential groups which have a positive impact on cognitive decline: physical activities, healthy diet, and cognitive training. These activities have a positive effect on the maintenance of synaptic function whose loss is usually connected with toxic forms of amyloid-β protein, which can result in the onset of aging diseases such as dementia. However, thanks to the non-pharmacological activities and their intensity, this synapse and synaptic protein loss may be prevented. In addition, physical activities can contribute to the increase of vascularization, energy metabolism, and resistance against oxidative stress, which has a positive effect on cognitive functions.[@b10-cia-12-903] Recent research[@b11-cia-12-903],[@b12-cia-12-903] has also revealed beneficial effects of music therapies in the prevention of cognitive decline. Since there are findings[@b13-cia-12-903]--[@b16-cia-12-903] that certain non-pharmacological lifestyle activities such as physical activities or adherence to Mediterranean diet (MedDiet) may contribute to the prevention of cognitive aging, the purpose of this study is to examine the effects of the selected non-pharmacological lifestyle activities on the delay of cognitive decline in normal aging. This is done on the basis of the findings from the selected studies. Since pharmacological intervention is relatively costly, might have serious side effects, and impose a severe social burden, the main purpose of this review is to analyze and compare the effects of non-pharmacological activities -- physical activities/exercises, adherence to MedDiet, music therapy, and cognitive training such as solving crosswords -- on the prevention of cognitive decline in normal aging.[@b17-cia-12-903]

Methods
=======

The methodology used in this review is based on the study of Moher et al.[@b18-cia-12-903] The relevant studies were searched using key words in four acknowledged databases: Web of Science, Springer, Scopus, and MEDLINE. This review screened for studies conducted in the period from 2000 to June 2016, using the following key words: cognitive skills in normal aging AND intervention strategies; healthy older people AND cognitive decline AND physical activities; healthy older people AND cognitive decline AND physical exercises; healthy older people AND cognitive decline AND Mediterranean diet; and healthy older people AND cognitive decline AND music.

A study was included if it matched the corresponding period, from 2000 up to June 2016. The selection period started with the year of 2000 because this is the year when the studies on the research topic conducted among older people started to appear. Furthermore, the study was included if it involved healthy older people without any cognitive impairment or dementia, aged 60+ years, and focused on the topic of non-pharmacological lifestyle intervention strategies, that is, physical activities/exercises, adherence to MedDiet, music therapy, or mental activity such as solving a crossword. All studies had to be written in English to be included in this review.

This review included randomized controlled trials (RCTs), observational studies, descriptive studies, retrospective studies, theoretical articles, reviews, books, book chapters, web pages, study protocols, seminar papers, and abstracts on the research topic. The majority of the included studies were detected in the Springer database (14,641 studies), followed by Web of Science (110 studies), Scopus (61 studies), and MEDLINE (38 studies). Altogether 14,850 studies were found via the database search, and 176 from other available sources (ie, web pages, conference proceedings, and books outside the scope of the databases described above). Then, the titles of all the included studies were checked in order to confirm whether they focus on the research topic, and irrelevant studies were excluded. In addition, duplicate studies were also excluded. After this step, 119 studies remained for further analysis. Afterwards, the authors checked the content of the abstracts to verify whether the study examined the relevant research topic. Finally, 42 studies/articles were selected for the full-text analysis, out of which the findings of 30 studies are compared in the present review and the remaining 12 studies were used for the detailed analysis of the research topic ([Figure 1](#f1-cia-12-903){ref-type="fig"}). The rigid process of selection of these studies is described in [Figure 1](#f1-cia-12-903){ref-type="fig"}.

Findings
========

Altogether 12 studies focusing on the research topic were identified. Out of these studies, six exclusively focused on physical activities, two on MedDiet, two on a music therapy, one on an educational program, and one on doing crosswords. The intervention period in the studies ranged from 2 weeks to 6.5 years. The subject samples also varied; the smallest sample of subjects consisted of 21 older individuals, whereas the largest one involved 716 older adults. The efficacy of the intervention therapies focused on the prevention of cognitive decline in the studies was measured with the available validated cognitive assessment tools such as cognitive tests and/or magnetic resonance imaging. [Table 1](#t1-cia-12-903){ref-type="table"}[@b19-cia-12-903]--[@b28-cia-12-903] provides an overview of the main findings of these studies. The results are summarized in alphabetical order of their first author name.

The findings of all studies in [Table 1](#t1-cia-12-903){ref-type="table"} exhibit positive results as far as cognitive functions (ie, executive functions, better memory, learning, attention, or verbal fluency) are concerned. Based on the evidence of the outcome measures, all studies indicate that cognitive functions can be maintained or even enhanced by intervention activities such as sport (eg, walking or aerobic exercises), music, healthy MedDiet, or doing crosswords. The findings also suggest that the immediate results may be detected after intervening for just 1 month. However, this is questionable because according to Kurz and van Baelen,[@b29-cia-12-903] the minimum period for medication assessment as suggested by regulatory authorities is 24 weeks.

Discussion
==========

The findings from the selected studies in [Table 1](#t1-cia-12-903){ref-type="table"} are discussed in this section according to their representation of intervention activities. Thus, the majority of studies deal with physical activities. The results show that people who do more physical activities per day have a lower incidence of cognitive decline compared with those doing them occasionally. The same is true for their intensity. For example, Larson et al[@b30-cia-12-903] claim that intensive physical activities may delay the decline of cognitive functioning. They indicate that people who exercise three times a week or more fall ill with dementia less compared with those who conduct physical exercises less than three times a week. Thus, it seems that healthy older people who do physical activities regularly and intensively at least two to three times a week may enhance their cognitive functions. However, another study performed for a period of 15 years by Sorman et al[@b31-cia-12-903] among 1,475 healthy individuals aged 65 years and above shows that the positive outcomes of these physical activities may be valid just for a shorter time span, but there is a little support for the effect of the physical activities in the prevention of cognitive decline in a longer time span. This is also supported by a review,[@b19-cia-12-903] whose authors report that the benefits of physical activity are small and cumulative over many years and they may be beyond resolution by RCTs.

Studies[@b11-cia-12-903],[@b12-cia-12-903],[@b32-cia-12-903],[@b33-cia-12-903] also emphasize the role of music therapy, especially listening to Buddhist hymns,[@b12-cia-12-903] in the improvement of cognitive competences because music may recall past memories and activate patient's brain more as affects both the hemispheres of the brain. In fact, music comprehension is connected with one specific area of the brain that remains intact even after all other functions, such as verbal language, are impaired.[@b34-cia-12-903] For example, a study[@b12-cia-12-903] shows that the results obtained over a 4-month follow-up period revealed a significant difference between the experimental group and comparison group in cognitive scores. After 4 months, a significant decline in the Mini-Mental State Examination score compared with the initial score was observed in the comparison group, but not in the experimental group. Furthermore, Craig[@b33-cia-12-903] suggests that music therapies should be done in groups in order for them to be effective, that is, regularly twice a week, and patients should be exposed to such kind of music that is familiar to them and in which they are engaged.

Furthermore, some studies[@b22-cia-12-903],[@b28-cia-12-903] prove the benefits of MedDiet, especially if it is rich in olive oil and nuts. Recent studies[@b35-cia-12-903]--[@b37-cia-12-903] indicate that a proper dietary regime plays a crucial role in the maintenance of optimal synoptic function.

The findings of the analyzed studies also prove the efficacy of solving crosswords on cognitive decline[@b24-cia-12-903] because learning something new and training the brain may lower the risk of cognitive decline.[@b10-cia-12-903] However, they must be done several times a week. For example, Verghese et al[@b38-cia-12-903] in their study confirm that if a person solves crosswords four times a week, she/he can reduce the risk of dementia by 47% compared with the person who does it only once a week.

Recent studies have revealed that the most effective type of intervention activity seems to be the one which consists of several intervention activities.[@b39-cia-12-903],[@b40-cia-12-903] Nevertheless, these activities must be done on a regular basis, ideally several times a week, and people should start with them in their middle age.[@b41-cia-12-903]

The limitations of this review are the lack of available RCTs on the research issue and the different methodologies of the included publications such as the use of passive control groups, or no intervention group at all, or small subject samples. These insufficiencies may result in the overestimated effects of the discussed findings and have a negative impact on the validity of the reviewed studies.[@b42-cia-12-903]--[@b44-cia-12-903] The heterogeneity of the selected studies also prevented the authors from conducting the meta-analysis.

Conclusion
==========

The results of this review indicate that all the selected non-pharmacological lifestyle intervention strategies explored appear to have positive effects on the cognitive functions in older people. These therapies are generally less costly and noninvasive in comparison with the pharmacological treatment, which is usually lengthy and brings about possible side effects. Older people also have a chance to meet with their peers while performing these preventive non-pharmacological therapies. Nevertheless, the findings of this study also suggest that future research should focus on conducting more longitudinal RCTs with larger samples of subjects in order to discover the most effective types and the duration of these intervention activities for the prevention of cognitive decline, typical of aging population groups.
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Overview of the 12 selected studies focused on cognitive decline and its prevention by intervention activities

  Author                                                        Objective                                                                                                                                                                                             Type of the intervention activity and its frequency                                                                                                                                                                                                                                                                                                                                                                                                                                                                Intervention period                                                                               Number of subjects                                                                                                                                                                 Main outcome assessments                                                                                                                                                                                                                                                                                                                                                                                                                                                          Main findings
  ------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Buchman et al[@b19-cia-12-903] (observational cohort study)   To verify a hypothesis that objective measure of total daily physical activity predicts incident AD and cognitive decline                                                                             Daily physical activities for 24 hours for 10 days                                                                                                                                                                                                                                                                                                                                                                                                                                                                 4 years                                                                                           716 older subjects free of dementia. No control group                                                                                                                              Structured annual clinical examination including a battery of 19 cognitive tests; actigraphy                                                                                                                                                                                                                                                                                                                                                                                      People who do more physical activities per day have a lower risk of cognitive decline than those doing it only occasionally
  Bugos et al[@b11-cia-12-903] (RCT)                            To assess the efficacy of IPI on executive functioning and working memory in older healthy individuals                                                                                                IPI: the intervention group had a 30-minute lesson per week and practiced for 3 hours a week at minimum                                                                                                                                                                                                                                                                                                                                                                                                            9 months                                                                                          31 musically naïve seniors (60--85 years). Two randomly assigned groups: intervention group (16 subjects) and passive control group (15 subjects)                                  Neuropsychological assessments were administered at three time points: pre-training, following 6 months of intervention, and following a 3-month delay                                                                                                                                                                                                                                                                                                                            Results of this study suggest that IPI may serve as an effective cognitive intervention for age-related cognitive decline
  Colcombe et al[@b20-cia-12-903] (RCT)                         To assess whether aerobic fitness training of older humans can increase brain volume in regions associated with age-related decline in both brain structure and cognition                             Aerobic training in the intervention group; toning and stretching exercises in the active control group; three 1-hour exercises per week in both groups                                                                                                                                                                                                                                                                                                                                                            6 months                                                                                          59 healthy but sedentary community-dwelling volunteers, aged 60--79 years. 30 subjects in the intervention group and 29 in the active control group +20 younger passive controls   Magnetic resonance imaging; a graded exercise test on a motor-driven treadmill; peak oxygen uptake (VO~2~ peak) was measured from expired air samples taken at 30-second intervals until the highest VO~2~ peak was attained at the point of volitional exhaustion                                                                                                                                                                                                                The results show that the participation in an aerobic exercise program increased volume in both gray and white matter primarily located in prefrontal and temporal cortices in comparison with no effects in the active non-aerobic control group
  Erickson et al[@b21-cia-12-903] (descriptive study)           To investigate whether individuals with higher levels of aerobic fitness display greater volume of the hippocampus and better spatial memory performance than individuals with lower fitness levels   Aerobic exercises                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  NA                                                                                                165 nondemented older adults                                                                                                                                                       In exploratory analyses, it was assessed whether hippocampal volume mediated the relationship between fitness and spatial memory; by using a region-of-interest analysis on magnetic resonance images a triple association such that higher fitness levels were associated with larger left and right hippocampi after controlling for age, sex, and years of education, and larger hippocampi and higher fitness levels were correlated with better spatial memory performance   The results indicate that higher levels of aerobic fitness are associated with increased hippocampal volume in older humans, which translates to better memory function
  Martinez-Lapiscina et al[@b22-cia-12-903] (RCT)               To assess the effect on cognition of a controlled intervention testing MedDiet                                                                                                                        MedDiet (supplemented with EVOO or mixed nuts) versus a low-fat control diet; participants allocated to the MedDiet groups received EVOO (1 L/week) or 30 g/day of mixed nuts                                                                                                                                                                                                                                                                                                                                      Clinical trial after 6.5 years of nutritional intervention                                        285 subjects, 44.8% men, 74.1±5.7 years; 95 randomly assigned to each of three groups                                                                                              Evaluation by two neurologists blinded to group assignment after 6.5 years of nutritional intervention                                                                                                                                                                                                                                                                                                                                                                            Better post-trial cognitive performance versus control in all cognitive domains and significantly better performance across fluency and memory tasks were observed for participants allocated to the MedDiet + EVOO group
  Miller et al[@b23-cia-12-903] (observational study)           To determine whether a 6-week educational program can lead to improved memory performance in older adults                                                                                             Educational program on memory training, physical activity, stress reduction, and healthy diet; 60-minute classes held twice weekly with 15--20 participants per class                                                                                                                                                                                                                                                                                                                                              6 weeks                                                                                           115 participants (mean age: 80.9 \[SD: 6.0 years\]); no control group                                                                                                              Objective cognitive measures evaluated changes in five domains: immediate verbal memory, delayed verbal memory, retention of verbal information, memory recognition, and verbal fluency. A standardized metamemory instrument assessed four domains of memory self-awareness: frequency and severity of forgetting, retrospective functioning, and mnemonics use                                                                                                                  The findings indicate that a 6-week healthy lifestyle program can improve both encoding and recalling of new verbal information, as well as self-perception of memory ability in older adults residing in continuing care retirement communities
  Murphy et al[@b24-cia-12-903] (RCT)                           To evaluate the effect on PVF performance of a brief crossword-based intervention in a cognitively normal, community-based sample                                                                     The intervention group was doing a crossword on a daily basis; the control group was keeping a daily gratitude diary for the same period                                                                                                                                                                                                                                                                                                                                                                           4 weeks                                                                                           37 older subjects divided randomly into the intervention and control group                                                                                                         2×2 mixed analyses of variance has been conducted                                                                                                                                                                                                                                                                                                                                                                                                                                 The results indicate that the crossword group performed significantly better over time than the control group in both total PVF score and in the cluster size component
  Muscari et al[@b25-cia-12-903] (RCT)                          To evaluate the effects of EET on the cognitive status of healthy community-dwelling older adults                                                                                                     The intervention group had a 12-month supervised EET in a community gym, 3 hours a week                                                                                                                                                                                                                                                                                                                                                                                                                            12 months                                                                                         120 healthy subjects aged 65--74 years; 60 subjects in the intervention group; 60 in the passive control group                                                                     Cognitive status was assessed by one single test (MMSE). Anthropometric indexes, routine laboratory measurements, and C-reactive protein were also assessed                                                                                                                                                                                                                                                                                                                       The control group showed a significant decrease in MMSE score (mean difference −1.21, 95% CI −1.83/−0.60, *P*=0.0002), which differed significantly (*P*=0.02) from the intervention group scores (−0.21, 95% CI −0.79/0.37, *P*=0.47)
  Sato et al[@b26-cia-12-903] (RCT)                             To compare the effects of water-based exercise with and without cognitive stimuli on cognitive and physical functions                                                                                 The exercise sessions were divided into two exercise series: a 10-minute series of land-based warm-up, consisting of flexibility exercises, and a 50-minute series of exercises in water. The Nor-WE consisted of 10 minutes of walking, 30 minutes of strength and stepping exercise, including stride over, and 10 minutes of stretching and relaxation in water. The Cog-WE consisted of 10 minutes of walking, 30 minutes of water-cognitive exercises, and 10 minutes of stretching and relaxation in water   10 weeks                                                                                          21 older subjects were randomly divided into the intervention group and the active control group                                                                                   Cognitive function, physical function, and ADL were measured before the exercise intervention (pre-intervention) and 10 weeks after the intervention (post-intervention)                                                                                                                                                                                                                                                                                                          The findings show that participation in the Cog-WE considerably improved attention, memory, and learning, and in the general cognitive, while participation in the Nor-WE dramatically improved walking ability and lower limb muscle strength. The results reveal that the benefits depend on the characteristics of each specific exercise program. These findings highlight the importance of prescription for personalized water-based exercises to elderly adults to improve cognitive function
  Simoni et al[@b27-cia-12-903] (cross-sectional study)         To compare the effects of overground and treadmill gait on dual task performance in older healthy adults                                                                                              Overground walking and treadmill walk                                                                                                                                                                                                                                                                                                                                                                                                                                                                              The treadmill testing was performed first, followed by overground testing between 1 and 2 weeks   29 healthy older adults (mean age 75 years, 14 females)                                                                                                                            Gait kinematic parameters and cognitive performance were obtained in 29 healthy older adults when they were walking freely on a sensorized carpet or during treadmill walking with an optoelectronic system, in single task or dual task conditions, using alternate repetition of letters as a cognitive verbal task                                                                                                                                                             Both motor and cognitive performances decline during dual task testing with overground walking, while cognitive performance remains unaffected in dual task testing on the treadmill. These findings suggest that treadmill walk does not involve brain areas susceptible to interference from the introduction of a cognitive task
  Tai et al[@b12-cia-12-903] (RCT)                              To identify the effect of music intervention on cognitive function and depression status of residents in senior citizen apartments                                                                    Buddhist hymns; the intervention group listened to the 30-minute Buddhist hymns using the Buddha machine alone twice a day (in the morning and before bedtime) from Monday to Friday for 4 months; they also took a note if they finished their daily music therapy                                                                                                                                                                                                                                                4 months                                                                                          60 healthy seniors, aged 65+; 41 participated in the intervention music group and 19 in the passive comparison group                                                               MMSE and the Geriatric Depression Scale-short form at the baseline, 1 month, and 4 months                                                                                                                                                                                                                                                                                                                                                                                         Music intervention, specifically Buddhist hymns may delay cognitive decline and improve mood of older people
  Valls-Pedret et al[@b28-cia-12-903] (RCT)                     To investigate whether a MedDiet supplemented with antioxidant-rich foods influences cognitive function compared with a control diet                                                                  Participants were randomly assigned to MedDiet supplemented with EVOO (1 L/week), MedDiet supplemented with mixed nuts (30 g/day), or a control diet (advice to reduce dietary fat)                                                                                                                                                                                                                                                                                                                                5 years                                                                                           447 cognitively healthy volunteers (233 women \[52.1%\]; mean age, 66.9 years); three groups: two intervention groups and one control group                                        A neuropsychological test battery: MMSE, Rey Auditory Verbal Learning Test, Animals Semantic Fluency, Digit Span subtest from the Wechsler Adult Intelligence Scale, Verbal Paired Associates from the Wechsler Memory Scale, and the Color Trail Test                                                                                                                                                                                                                            In an older population, a MedDiet supplemented with olive oil or nuts is associated with improved cognitive function

**Abbreviations:** AD, Alzheimer's disease; ADL, activities of daily living; CI, confidence interval; EET, endurance exercise training; EVOO, extravirgin olive oil; IPI, individualized piano instruction; MedDiet, Mediterranean diet; MMSE, Mini Mental State Examination; NA, not available; PVF, phonemic verbal fluency; RCT, randomized controlled trial; SD, standard deviation.
